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RESPONSE BASED ON THE STRETCHED-EXPONENTIAL 

FUNCTION MODEL 

 

Annotation. The evaluation of the suitability of the algorithm based on the model 

of stretched exponential function for handling the response kinetics data resistive gas 

sensors was carried out. This corresponds to the task of expanding the functional 

properties of relevant information and measurement technologies and practical 

application. Approbation of the algorithm on gas sensors samples based on zinc oxide 

ceramics has shown the efficiency for kinetics modeling of the response, after the 

cessation of exposure of the detected gas (methane). The next parameters were 

determined: static response value; average relaxation time and their distribution. 
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Introduction. The resistive gas sensors based on semiconductors are widely 

applied for detecting of different gases [1]. When they are used and are studied, the 

dependencies of static gas sensitivity (response) on the concentration of detected gas in 

atmosphere and temperature [2], as a rule, are used as the main functional 

characteristics. One of the direction, receiving the additional information about 

physical and chemical processes, responsible for the gas sensitivity properties of this 

sensor class is research of the kinetics of detection process.  

It will be noted that until present, the kinetic characteristics were intended, in 

the main, for technical purposes, and in particular for experimental evaluation and 

demonstration of fast-action of the sensor elements [3-5]. Applying of modern 

information-measuring devices significantly increased the efficiency of the 

experimental researches of the considered effects on the stage of receiving and storage 

of the big data arrays in digital view [6]. However, at the subsequent stages of their 

analysis, the developments of relevant algorithms of data processing is required, 

which, on the one hand, would provide data on the physical parameters characterizing 
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the kinetics of gas-sensitivity properties of the considered objects, and, on the other 

hand, created a base for further automation of the measurement process. 

Promising theoretical basis for this purposes, is represented by using of the 

general phenomenological models, based on a stretched-exponential function 

Kohlrausch-Williams-Watts [7-8] to describe the kinetics of the relaxation 

dependencies of the response, particularly in the reduction step. Its feature is suitability 

to describe the relaxation phenomena in disordered systems in which dynamic 

processes occur simultaneously in many time frames [9]. 

Problem statement. The object of the investigation was to determine a 

suitability level of the algorithm, based on a stretched-exponential function for data 

processing of kinetic response of the resistive gas sensors.  

Main part. The reaction (response) of the sensor was being determined as   

  00  S , where   and 0 - electrical conductivity of the sensor sample in the 

presence and absence of detectable gas in the air. At kinetics measurements, the 

schema with outputs of the conductivity meter (digital electrometer) and temperature 

meter (thermocouple) via a matching digital device have been conjugated with 

computer, was implemented [6]. 

Time marking t  produced by means of a computer. The time interval between 

detection of two consecutive measurements of magnitude S  amounts to 0.5 seconds. 

The values of electrical conductivity and time are recorded in a file in computer 

memory during the experiment.    

 An example of a typical kinetic dependence on the response of the resistive gas 

sensor to impulse action of the active gas is represented in Fig. 1. 

As previously indicated, the stretched exponential function Kohlrausch-

Williams-Watts intended to approximate the relaxation kinetics of systems to their 

equilibrium values, i.e. to recovery processes of the sensor initial state after the 

cessation of exposure of the detected gas   rectS  in the present case (Fig. 1).         
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Fig 1. – Typical experimental kinetic dependence of the gas sensor sample response 

(  rest  and  rect   time axis in correspondence to detection and recovery processes) 

 
At further description of the model will take  rectt  . Stretched-exponential 

function [10] in this case it can be written as follows 

        KWWKWW tStfStS  exp0)(0  .                                  (1) 

 

In (1)  0S  - stationary (maximum) response value  tS  at 0t . Parameter 

KWW  is the characteristic time associated with the average relaxation time by means of 

the following equation [10-11] 

  

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
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
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0

KWW
KWWrel dttft  ,                                            (2) 

where  x   gamma function. 

Magnitude   - index, indicating the degree of tension function )(tfKWW , which 

according to its representation in the form of [10,12] 

          
dtzttf KWWKWW  



exp,exp
0

,                             (3) 

where   ,z   the density distribution of the simple exponential relaxation processes 

 texp , linear superposition which leads to consideration stretched exponential 

function. 

Algorithm of processing of the experimental dependences  tS  on the basis of 

the specified model includes the following operations. 

1. Primary (preliminary) data processing: counts of an electrical conductivity 

and time which were brought in memory of the computer in the course of the 

experiment are presented in the form of table dependences  kSlog  from  ktlog , where 
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Kk ,2,1 . The number of counting is the magnitude of several hundred and more 

points of table dependence that allows carrying out their preliminary statistical 

processing by creation of empirical-formula regression dependence.  All range of 

values  ktlog  was divided into n  elementary segments. For each i - th elementary 

segment the arithmetic average  iSlog  was calculated, to which was put the coordinate 

of the middle of the specified segment  itlog  in compliance. 

2. Finding of magnitude of unknown coefficient   with use of coordinates 

  dttSdt log  and  tSlog  for expression (1), in which initial dependence is 

straightened [12, 13] (Fig. 2а), and the coefficient is a tangent of angle of its 

inclination      tSdttSdt loglog  . To calculate the derivatives the initial table 

dependence was pre interpolated with applying of cubic splines. 

  

a b 

Fig – 2. Dependence of the relaxation of a resistive gas sensor response after 

the termination of exposing of the detected gas in the coordinates used for 

determination of parameters   (а) and KWW  (b). Experiment – circles, the 

approximation by the stretched power function – solid line. 

 

3. Determination of unknown parameters KWW  and  0S  by submission of the 

experimental data in coordinates  tSln  and  t . Magnitude    is already known.  

The approximating dependence is also representable by a straight line [12, 13] 

(Fig. 2b) and, thus,      
1

ln


 ttSKWW  and         KWWttSS  lnexp0 . 

4. Calculation of average relaxation time in accordance to (2) 
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Results of approbation of the considered algorithm are given on Fig. 3, where 

the considered dependence in natural coordinates is presented  tS  and t . As seen, the 

experimental data are well submitted by direct lines in the accepted coordinates. The 

relative accuracy of approximation (variation factor) of the experimental dependences 

expression (1)  tS  is the magnitude less than 3 %. 

 

Fig – 3. Relaxation response curve of the gas sensor sample at recovering its 

initial state. Experiment – circles, the approximation by the stretched power function – 

solid line 

 

The received values of parameters: static (maximal) value of a response 

 0S =2.5; average relaxation time relt =150 s and the index characterizing width of 

distribution of the elementary exponential relaxational processes  0,47 are 

correspond to the known concepts of transition phenomena of the considered type [3-

5].  

Conclusions 

1. Applicability of the stretched exponential function for modeling of the 

kinetics of the resistive gas sensors response at a recovering stage of their initial state 

was proved. 

2. The efficiency of the given response kinetics data processing algorithm for 

calculation of its parameters was shown, which can be used for construction of 

measuring - informational technologies in the experimental researches and applying of 

the considered sensors. 
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О.С. Тонкошкур, Є.Л. Повзло  Алгоритм обробки даних кінетики відгуку 

резистивного газового сенсору на основі моделі розтягнутої експоненціальної 

функції 

Анотація. Проведено оцінку придатності алгоритму на основі моделі 

розтягнутої експоненціальної функції для обробки даних кінетики відгуку рези-

стивних газових сенсорів з метою розширення функціональних властивостей 

відповідних інформаційно-вимірювальних технологій та практичного застосу-

вання. Апробація алгоритму на зразках газових сенсорів на основі керамічного ок-

сиду цинку показала його ефективність для моделювання кінетики спаду відгуку 

після впливу активного газу (метану). Визначені параметри: статичне значення 

відгуку; середній час релаксації та його розподіл. 

Ключові слова: алгоритм, розтягнута експоненціальна функція, резистивний га-

зовий сенсор, кінетика, відгук 


